The Abrolhos Bank is an area of high ecological, socio-economic importance and harbour the richest and mostextensive coral reefs in the South Atlantic. Here we report the discovery of shallow (12-25 m depth) reef complex with ten large biogenic structures, intermediate between the typical mushroom-shaped pinnacles of the northern Abrolhos Bank (17°-18°S) and the small patch reefs found on the central/southern coast of the Espírito Santo State (19°-20°S). The newly discovered reefs harbour a relatively rich and abundant reef community, with 73 fish and 14 benthic cnidarian species, including endangered and commercially important ones. We discuss on urgent needs of properly mapping and understanding the ecological functioning of this reef system. Information provided here is a baseline for future impact evaluations, particularly considering the recent worst environmental disaster of Brazil from a dam collapse in Doce river that affected the region.
Introduction
The Abrolhos Bank is situated between 16°40′-19°40′S and 37°20′-39°10′ W (Fig. 1) on the eastern Brazilian continental shelf and is recognized as the largest and richest coral reef system in the South Atlantic (Dutra et al., 2005; Freitas et al., 2011; Francini-Filho et al., 2013) . The reef systems known until now are concentrated in the northern portion of the Abrolhos Bank and are protected by a mosaic of marine protected areas with different conservation levels (Francini-Filho and Moura, 2008) . Brazilian reefs have relatively low fish and scleractinian coral species richness in comparison to other regions, but high endemism levels (about 25% for fishes and 30% for scleractinian corals; Moura, 2000; Leão et al., 2003) . Most reef structures display a characteristic form of mushroom-shaped pinnacles, which attain 5 to 25 m in height and 20 to 300 m across their tops . The Abrolhos Bank also encompasses the world's largest continuous rhodolith bed , euphotic (b30 m depth) and mesophotic (30-150 m depth) reefs , as well as sinkhole-like depressions locally known as "buracas" .
It was previously thought that the southern part of the Abrolhos Bank was an area dominated by unconsolidated sediments (sand or terrigenous mud) and devoid of reefs, given its proximity to large river discharges, particularly that of the Doce river (Knoppers et al., 1999; Moura et al., 2013) . However, this assumption was recently refuted by sidescan sonar studies, which recorded extensive rhodolith beds with sparse mesophotic reefs in the southern Abrolhos Bank , as well as the presence of biogenic reefs as far south as the Espírito Santo State . The southern Abrolhos Bank was never recognized as a research priority, preventing bona fide progress in coral reefs studies and leaving these large unexplored reefs virtually unknown by the scientific community. Information provided here is an important baseline for future impact evaluations, particularly considering that the region was recently affected by a huge plume of iron mining waste from a dam collapse in Doce river, now considered the worst environmental disaster in Brazil (Miranda and Marques, 2016) .
Materials and methods
In order to elaborate a baseline assessment of reef biodiversity in the southern Abrolhos Bank, five expeditions were conducted in November 2013, February and December 2014, as well as March and December 2015 (total of 14 days and 24 h of sampling). During sampling, SCUBA was used to perform rapid visual survey, underwater photography and video, thus generating a checklist of species for each site. Sites ranged between 17 and 28.5 km offshore and 75-102 km from the Rio Doce River mouth.
Fish sampling
Fishes were identified at the species level, following Craig and Hastings (2007) and Craig et al. (2011) for Epinephelidae, and Westneat and Alfaro (2005) for Labridae. The conservation status of each species was obtained from global (IUCN, 2015) , national (MMA, 2014) and regional (IEMA, 2005) red lists (NE: not evaluated; DD: data deficient; LC: least concern; NT: near threatened; VU: vulnerable; EN: endangered; CR: critically endangered). Geographical distribution of reef fish species [Brazilian province (BR); circumtropical (CT); trans-Atlantic (TA); Western Atlantic (WA); Central Atlantic (CA); Eastern Pacific (EP)] was obtained from Froese and Pauly (2016) and trophic categories were assigned following Ferreira et al. (2004) and FranciniFilho and Moura (2008) .
Benthic cnidarians sampling
Coral cover was visually estimated for each reef. Corals were identified at the species level, whenever possible, following SeaLifeBase (Palomares and Pauly, 2016) and their geographical distribution was assigned following FAO Marine Fishing Areas [endemic to the Brazilian province (BR); Western Atlantic (WA); Eastern Central Atlantic (ECA); Western Central Atlantic (WCA), and circumtropical (G)]. The conservation status of each species was obtained from global (IUCN, 2015) , national (MMA, 2014) and regional (Espírito Santo State; IEMA, 2005) red lists.
Results
Ten biogenic reefs (12-25 m depth, ranging 6-12 m in height and 20-50 m in top diameter) were surveyed in the southern portion of the Abrolhos Bank (Figs. 1 and 2 ). Scleractinian coral cover was slightly lower (~10-20%) in comparison to reefs in the northern Abrolhos Bank (~5-35%; Francini-Filho et al., 2013) . Reef morphology was intermediate between that of typical mushroom-shaped pinnacles ("Chapeirões"; Leão et al., 2003) found in the northern part of the Bank and the small patch reefs found in the central/southern coast of the Espírito Santo State. Information about fish and coral species (geographical range, conservation status and trophic categories) is given in Tables 1 and 2 , respectively.
Large healthy colonies (i.e. no visual signs of bleaching and/or disease) of the corals Montastraea cavernosa, Mussismilia harttii, Mussismilia braziliensis and Millepora alcicornis were found over the top of the biogenic structures, except for a few bleached colonies of M. cavernosa (Fig. 2) .
A total of 73 reef fish (Table 1 ) and 14 benthic cnidarian taxa (Table  2) were recorded. The fish fauna was composed by 34 families and 49 genera. Labridae was the most speciose family (9 species), followed by Haemulidae and Carangidae (5 each), Lutjanidae (4) and Acanthuridae (3). The most speciose genus was Sparisoma, with four species, followed by Acanthurus, Haemulon and Lutjanus, with three species each. Sampled reefs sheltered a richer and more abundant fauna than the surrounding rhodolith beds, the former including large, endangered and commercially important reef fishes (Fig. 3) . Most families recorded encompassed the carnivorous trophic category (27 families and 54 species representing 74% of the total richness), followed by herbivores (4 families and 11 species, 15%), omnivores (5 families and 7 species, 10%) and planktivores (1 family and 1 species, 1%) (Fig. 4A) . The most representative functional groups were mobile invertebrate feeders (13 families, 36% of all species), followed by strict piscivores (3 families, 13%), macrocarnivores (6 families, 11%) and omnivores (5 families, 10%) ( Table 1 , Fig. 4B ).
Most recorded fish species have wide geographical distributions, with 48% ranging across the WA and 25% being TA. About 18% are Brazilian endemics (BR), while 9% have circumtropical (CT) distribution (Fig. 4C ). Five fish species are recognized as threatened with extinction by IUCN (2015) , while eleven species are listed on the Brazilian red list (MMA, 2014); only two species are listed on the regional red list (IEMA, 2005) (Table 1 , Fig. 4 ). The vast majority of recorded fish species are classified as not-evaluated or data-deficient on global (43 species -59%) and regional red lists (70 species -96%) ( Fig. 4D and F) . One single species (Epinephelus itajara) is listed as critically endangered, another Fig. 4F ). Some incongruences between international and national lists were noted, such as the Queen Triggerfish (B. vetula), commonly found at rhodoliths beds surrounding the newly discovered reefs, which is classified as vulnerable according to IUCN (2015), but not evaluated by national lists (IEMA, 2005; MMA, 2014) . The benthic cnidarian fauna was composed by nine families and 14 species (eleven scleractinians, one octocoral, one zoanthid and one hydrocoral) ( Table 2 ). The richest coral (scleractinians plus hydrocorals) families were Mussidae (five species) and Faviidae (two species) ( Table 2 ). The most important reef builders were the Brazilian endemic Mussismilia braziliensis, M. harttii, and M. hispida, along with Siderastrea stellata, Montastrea cavernosa and the hydrocoral Millepora alcicornis. The zoanthid Palythoa caribaeorum showed great coverage (up to 10% in some portions of the reefs) and the octocoral Carijoa riisei was commonly found on the edges of reef tops. Unidentified species of sponges and sea squirts also made up the benthic reef coverage.
Agaricia fragilis, M. harttii and Porites astreoides are new records for the Espírito Santo State (Leão et al., 2003) . Six (42.9%) of the recorded coral species are endemic to Brazil, the other six (42.9%) of them ranging across the western Atlantic Ocean and two (14.2%) with circumtropical distribution (Fig. 5A) . The genus Mussismilia is considered a relict from the Tertiary (Laborel, 1970) . Mussismilia braziliensis is classified as vulnerable and M. harttii as endangered (MMA, 2014; Table 2 ). Four species (38.5%) (Agaricia fragilis, Madracis decactis, Millepora alcicornis and Porites astreoides) are considered least concern by the IUCN (2015) (Fig. 5B) , while only M. braziliensis is listed as vulnerable on the regional list (IEMA, 2005; Fig. 5D ). Although still unpublished, in a recent revaluation of the conservation status of Brazilian corals, M. harttii category was upgraded to EN under criteria A2c (Debora Pires et al., unpub. data). Five species are classified as data deficient by the IUCN (2015) and twelve by the MMA (2014) (Fig. 5) .
Discussion
The Abrolhos Bank is recognized as a priority area for biodiversity conservation in the South Atlantic and thus targeted by actions aiming at promoting sustainable use and conservation of natural resources. The Brazilian government considers the area as a high priority for conservation (MMA, 2007) , while the World Convention on Biodiversity recognizes it as an Ecologically or Biologically Significant Area (Dutra et al., 2012; CBD, 2014) . Finally, the Abrolhos region has been recently included in a proposal of Marine Biosphere Reserve to be submitted to UNESCO .
The Abrolhos Bank and adjacent oceanic environments of the Vitoria-Trindade seamount chain encompass the highest reef-associated biodiversity in the south Atlantic (Leão et al., 2003; Dutra et al., 2005; Lavrado and Ignacio, 2006; Pinheiro et al., 2015a) . This region corresponds to an ecological and biogeographic transitional zone between tropical and subtropical marine biotas (Lavrado and Ignacio, 2006; Spalding et al., 2007; Pinheiro et al., 2015b) , characterized by the occurrence of range boundaries of multiple species (Andreata and Séret, 1995; Absalão et al., 2006; Paiva, 2006; Serejo et al., 2006) . Despite recent mapping surveys across the Abrolhos Bank, the area of the unexplored shallow reefs complex described here was assigned as unconsolidated sediments (see Fig. 8 in Moura et al., 2013) . The new reef system of the southern Abrolhos Bank harbours a relatively rich coral community dominated by Brazilian endemics growing over reefs with structural physiography intermediate to that of the mushroomshaped pinnacles to the north and small patch reefs to the south. The reef system studied here is part of a large mosaic of heterogeneous ecosystems that encompasses mangroves, estuaries, coastal rocky islands and the largest continuous rhodolith beds of the world (Leão et al., 2003; Amado-Filho et al., 2012; Mazzei et al., 2014) , and thus is key for understanding and conserving this marine hotspot of biodiversity in the south Atlantic.
The richness of reef-associated species found in this study corresponds approximately to 16.5% of all fishes and 46% of all reef-building corals known for the Brazilian Province (i.e. 21 native scleractinians and five hydrocoral species) (Leão et al., 2003; Neves et al., 2006 Neves et al., , 2008 Amaral et al., 2008; Floeter et al., 2008) . Nine reef fish species and three corals species were recorded for the first time for the Espírito Santo State (Leão et al., 2003; Floeter et al., 2008; Simon et al., 2013; Pinheiro et al., 2015b; pers. obs . by the authors) (Tables 1 and 2 ). Six fish species from seven families were recorded for the first time for the Abrolhos Bank (Moura and Francini-Filho, 2005) (Table 1) .
The reefs described here might comprise hundreds of patchy structures according to local fishermen (pers. comm.) and they may play an important role in local fisheries. However, while the Espírito Santo State is recognized as a hotspot for conservation due to the Table 2 Reef benthic cnidarian species recorded in the newly discovered reef system in the southern of Abrolhos Bank, SW Atlantic Ocean. Geographical range, functional group and conservation status according to international (IUCN, 2015) , national (MMA, 2014) concentration of threatened, endemic and targeted reef fish species it is, awkwardly, the least protected region along the Brazilian coast (VilaNova et al., 2014) . Signs of anthropogenic impacts are already visible in the newly discovered reefs complex, such as anchoring damage and old fishing nets entangled with reef corals (Fig. 3g, h ). In addition, the absence of large predatory fishes as big groupers (Epinephelidae), jacks (Carangidae), sharks and the great dominance of small sized invertivorous reef fishes (i.e. Haemulon aurolineatum) suggest overfishing. The great majority of species recorded here (60% for fishes and 77% for corals) are dada deficient or not evaluated by regional, national and global red lists. This is a worrying pattern considering the plausible increase in anthropogenic impacts in the next decades, such as port expansion, overfishing and mining activities. The recent mining dam collapse in the state of Minas Gerais has produced a flood of~60 million tons of toxic mud that moved downstream through the Doce river and reached our study area in the southern Abrolhos Bank (Miranda and Marques, 2016; pers. obs; Figs. 6 and 7) . This is already being considered as the worse environmental disaster in Brazil to date (Escobar, 2015) . The first analyses of the plume indicate high contamination with heavy metals (i.e. cadmium, lead, iron and arsenic) with concentrations far beyond the limits permitted by Brazilian law for fishes (arsenic up to 140 times, cadmium up to 12 times and lead up to 5 times higher than allowed limits), shrimp (arsenic up to 88-115 times, cadmium up to 5 times and lead up to 5 times above safe limits) and zooplankton (Bianchini et al., 2016) . However, the newly discovered reefs system, located about half the way between the Doce river (75 km from the mouth) and the Abrolhos Archipelago, are still ignored and no effort has been made to monitor and mitigate the environmental impacts of this disaster (Fig. 7) .
Potential impacts from the iron mine waste plume to the newly discovered reefs include: i) bioaccumulation and/or biomagnification through food webs (Luoma and Rainbow, 2008) ; ii) development of toxic algal blooms due to iron fertilization (Flewelling et al., 2005) ; iii) latent or delayed effects on fish growth, survival and home-range behaviour (Johnson et al., 2007) , and endogenous and exogenous chemical synapses' responses (Lürling and Scheffer, 2007) . Different pathways for biotic incorporation of sediment-associated and dissolved metals are possible, including uptake by biofilm, plankton or benthos, transference by benthic-pelagic coupling (Farag et al., 1998 (Farag et al., , 1999 , as well as direct exposure of organisms to pollutants (Luoma and Rainbow, 2008) .
Finally, four megaprojects of port enterprises are planned to be implemented in the next few years and are actively encouraged by federal, state and local governments. The establishment of ports and industrial megaprojects would bring severe impacts to marine coastal ecosystems and human populations directly dependent on natural resources (Vianna et al., 2012; Ditty and Rezende, 2014) . For example, the oil and gas structures already implemented appear to be, at the very least, a potential threat by acting as vectors of invasive species such as the sun coral (Costa et al., 2014) and, possibly, the mud sleeper Butis koilomatodon .
Conclusions
The southern Abrolhos Bank is part of a proposed mosaic of protected areas that remains on hold in the Brazilian Ministry of Environment. While the marine spatial planning is stranded, the poorly known reefs complex described here are threatened by the intense ore mine spill pollution among other anthropogenic impacts. However, if adequately implemented and enforced, a mosaic of marine protected areas (MPAs) would help to maintain the ecological integrity and the biodiversity of the region and create legal paths to mitigate environmental impacts from industrial development.
The fish and coral fauna reported herein are evidence that we still know little about SW Atlantic reef environments. The results provided here are an important baseline on the conditions of reefs before the impacts of the recent mining dam collapse and may also support initiatives for the establishment and planning of marine protected areas over a priority area for biodiversity conservation in the SW Atlantic.
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